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REMARKS 

The Office Action dated December 1 , 2004, has been received and reviewed. 
Claims 1-22 are currently pending and under consideration in the above-referenced 
application. Each of claims 1-22 stands rejected. 

Reconsideration of the above-referenced application is respectfully requested. 



Rejections Under 35 U.S.C. § 102 

Claims 1, 2, 6, 7, and 10-22 stand rejected under 35 U.S.C. § 102(e) for reciting subject 
matter which is purportedly anticipated by the subject matter described in U.S. Patent 6,461,932 
to Wang (hereinafter "Wang"). 

A claim is anticipated only if each and every element as set forth in the claim is found, 
either expressly or inherently described, in a single reference which qualifies as prior art under 
35 U.S.C. § 102. Verdegaal Brothers v. Union Oil Co. of California, 2 USPQ2d 1051, 1053 
(Fed. Cir. 1987). The identical invention must be shown in as complete detail as is contained in 
the claim. Richardson v. Suzuki Motor Co., 9 USPQ2d 1913, 1920 (Fed. Cir. 1989). 

The plain language of a reference constitutes its express description. M.P.E.P. § 2125 
provides that "[djrawings and pictures can anticipate claims is they clearly show the structure 
which is claimed," but cautions that the "drawings must be evaluated for what they reasonably 
disclose and suggest to one of ordinary skill in the art." This rule is based, at least in part, upon 
the holding in In re Aslanian, 200 USPQ 500 (C.C.P.A. 1979), in which the court directed "[w]e 
evaluate and apply the teachings of all relevant references on the basis of what they reasonably 
disclose and suggested to one skilled in the art ..." In Aslanian, the court was evaluating the 
relevance of drawings of a design patent as prior art to the claims of a patent application. 
Relative dimensions were not at issue, indicating that the guidance provided by M.P.E.P. § 2125 
merely discusses relative dimensions of features of an illustrated object as an example of 
something that may not be reasonably disclosed or suggested to one of ordinary skill in the art. 

M.P.E.P. § 2125 also requires that arguments about illustrated drawing features, such as 
proportions and dimensions {e.g., planarity or nonplanarity), are of little value when the 
specification does not indicate that the drawings may be relied upon for such a purpose. Neither 
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the M.P.E.P. nor the relevant case law indicates, however, that an omission means that the 
subject matter illustrated in drawings must be taken at face value. 

While dimensions are provided as an example of illustrated drawing featuers, nothing in 
the law requires that there be a "measured quantitative dimensional limitation" (Final Office 
Action, page 12) to avoid a rejection based on subject matter illustrated in the drawings of a 
reference. 

Wang describes a process for creating a trench-isolated semiconductor structure "using a 
pre-smoothing technique to avoid difficulties such as dishing and premature silicon-nitride 
removal that might otherwise occur during chemical-mechanical polishing. . ." (hereinafter 
"CMP"). Col. 4, lines 48-51. While the avoidance of dishing and premature silicon nitride 
removal may prevent some of the nonplanarities that might occur during CMP, dishing is only 
one type of nonplanarity; other types of nonplanarities may remain. 

The process of Wang includes providing a dielectric layer 56 over a semiconductor 
surface, and covering the dielectric layer 56 with a "smoothening layer" 60. Col. 6, lines 23-28. 
The smoothening layer 60 has an upper smoothening surface 62 which is smoother than the 
upper dielectric surface 58 of the dielectric layer 56. Col. 6, lines 29-31. The smoothening 
layer 60 is applied either by a "deposition/spinning procedure" (col. 6, line 52, to col. 7, line 14), 
a "deposition/flow" procedure (col. 7, lines 15-27), or a combination of these procedures (col. 7, 
lines 28-41). 

Once the smoothening layer 60 has been formed, the smoothening layer 60 and the 
dielectric layer 56 are removed by CMP until a portion of the underlying semiconductor device is 
exposed. Col. 7, line 42, to col. 8, line 25. 

Fig. 4d of Wang illustrates the upper smoothening surface 62 of the smoothening layer 60 
as being planar. The specification of Wang, however, does not disclose that the drawings may be 
relied upon at face value. Again, M.P.E.P. § 2125 indicates that the features that are illustrated 
in drawings, such as proportions and dimensions (e.g., planarity or nonplanarity), are of little 
value when the specification does not state that the drawings may be relied upon for such a 



3 



Serial No. 09/997,019 

purpose. Thus, according to M.P.E.P. § 2125, the drawings of Wang, specifically Fig. 4d, cannot 
be relied upon as disclosing that the upper smoothening surface 62 is substantially planar. 

Moreover, when Fig. 4d is viewed in connection with the description of Wang, it is clear 
that Fig. 4d cannot be relied upon as showing a smoothening layer 60 with a planar upper 
smoothening surface 62. Instead, the description of Wang is limited to an upper smoothening 
surface 62 that is merely "largely planar." Wang even goes so far as to note that the term "largely 
planar" is a relative term and, thus, is merely used for the purpose of comparing the planarity of 
the upper smoothening surface 62 to the underlying and highly nonplanar upper dielectric 
surface 58. Col. 6, lines 35-36. Further, Wang clearly explains that "slight depressions [are 
present] in upper smoothening surface 62 at locations of the deepest parts of the depressed 
portion of upper dielectric surface 58." Col. 6, lines 32-37. 

Independent claim 1 is directed to a method for preparing a surface of a semiconductor 
device structure for planarization. The method of independent claim 1 includes, among other 
things, spreading a second material over a first material layer having a nonplanar surface so as to 
form a second material layer having a planar surface. 

Wang lacks any express or inherent description of spreading a second material layer over 
a first material layer so as to form a second material layer having a planar surface, as recited in 
independent claim 1. Contrary to the assertion that has been made at page 1 1 of the Final Office 
Action, a "largely planar" surface 62 that may include "slight depressions" is not planar. Col. 6, 
lines 32-34. 

Wang's description of the upper smoothening surface 62 as being "largely planar," as 
opposed to "planar," acknowledges that fact that conventional spin-on processes are incapable of 
forming material layers with planar surfaces. As the "Background" section of the specification of 
the above-referenced application, at page 3, line 15, to page 4, line 29, points out, one of ordinary 
skill in the art would appreciate that the limitations of previously known spin-on methods, as 
well as material properties (e.g., viscosity, solids content, surface tension, adherence to adjacent 
materials, etc.), may prevent a layer of material from having a substantially planar upper surface. 
See, e.g., Van Zandt, P., Microchip Fabrication - Chapter 8, Photolithography — Preparation to 
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Exposure, pages 176-178 and 185-187 (hereinafter "Van Zandt"). Further, Van Zandt, at 
page 185, evidently recognizing that a spun-on layer of photoresist will include valleys that are 
located over recesses in a semiconductor substrate, describes spun-on photoresist in terms of 
layer thickness (e.g., 0.5 um to 1.5 urn thick, with variations of ± 0.01 um) rather than in terms 
of surface planarity. U.S. Patent 6,1 17,486 to Yoshihara (hereinafter "Yoshihara") provides 
further evidence that the surfaces of spun-on photoresist layers may not be planar. Yoshihara, 
col. 1, line 18, to col. 2, line 17). Copies of both Van Zandt and Yoshihara are enclosed for the 
sake of convenience. 

Therefore, Wang does not anticipate "spreading [a] second material over [a] first material 
layer so as to form a second material layer having a planar surface," as would be required to 
maintain the 35 U.S.C. § 102(e) rejection of independent claim 1. 

It is also respectfully submitted that claims 2, 6, 7, and 10-22 are each allowable, among 
other reasons, for depending either directly or indirectly from claim 1 , which is allowable. 

In discussing the patentability of claim 10, which depends from claims 2 and 1, an 
improper focus has been directed to the examples described in the specification of the 
above-referenced application rather than on the subject matter recited in claim 10. See Final 
Office Action, pages 14 and 15. In the method of claim 10, a stress buffer material is spread in 
such a way that at least one valley of a first material layer be at least partially filled with the 
stress buffer material while at least one peak of the first material layer remains substantially 
uncovered by the stress buffer material. The corresponding description of Wang, in contrast, is 
clearly limited to applying the smoothening layer 60 in such a manner that "the depressed 
portion[s] of upper dielectric surface 58 above trench[es] 54" are completely filled (col. 6, 
lines 26-27; Fig. 4d), while the peaks of the dielectric layer 56 are covered. None of the peaks of 
the dielectric layer 56 is exposed until after the CMP process has begun. See col. 7, line 65, to 
col. 8, line 4. It is, therefore, respectfully submitted that, under 35 U.S.C. § 102(e), the subject 
matter to which claim 10 is directed is allowable over the subject matter described in Wang. 



5 



41 

Serial No. 09/997,019 

Claim 13, which depends from claims 12, 11, 10, 2, and 1, is additionally allowable since 
Wang includes no express or inherent description that the dielectric layer 56 may be etched with 
selectivity over the smoothening layer 60 thereof until a surface of at least one region of the 
dielectric layer 56 is in substantially the same plane as a surface of the smoothening layer 60. 

Maintenance of the 35 U.S.C. § 102(e) rejection of claim 13 demonstrates a 
misunderstanding of the differences between CMP and etching, which are readily apparent to 
those of ordinary skill in the art. Specifically, CMP is a process which includes use of a slurry to 
oxidize a material and, thus, to facilitate its mechanical removal by a polishing pad. See, e.g., 
"Chemical-mechanical planarization," http:/en. wikipedia.org/wiki/Chemical_mechanical_polish" 
(June 24, 2005); Wolf, "Silicon Processing for the VLSI Era, Volume 2: Process Integration," 
pages 238-39 (Lattice Press, 1990). Copies of portions of both of these references are enclosed 
for the sake of convenience. Etching, in contrast, is a process by which a chemical etchant 
removes a material on its own. See, e.g., Wolf, "Silicon Processing for the VLSI Era, Volume 1 : 
Process Technology," pages 520-29 (Lattice Press, 1986); Van Zandt, at pages 221-33. Copies 
of portions of both of these references are enclosed for the sake of convenience. 

The dielectric layer 56 of Wang is not removed until after CMP of the smoothening 
layer 60 exposes it through the smoothening layer 60. Even then, it is through removal of the 
smoothening layer 60 by CMP that surfaces of the smoothening layer 60 and the dielectric 
layer 56 are made substantially coplanar. See col. 7, line 65, to col. 8, line 4; Fig. 4e. 
Accordingly, it is respectfully submitted that the subject matter recited in claim 13 is not 
anticipated under 35 U.S.C. § 102(e) by the subject matter described in Wang and, thus, is 
allowable over the subject matter described in Wang. 

Claim 15, which depends from claims 13, 12, 11, 10, 2, and 1, is additionally allowable 
since Wang includes no express or inherent description that the dielectric layer 56 and the 
smoothening layer 60 may be etched at substantially the same rate so as to expose a surface of the 
mask layer 44 adjacent a surface of a portion of the dielectric layer 56 in at least one recess, with 
the surfaces of the mask layer 44 and the dielectric layer 56 being located in substantially the 
same plane following such planarization. Rather than describing etching processes to remove 
both the smoothening layer 60 and the dielectric layer 56, the description of Wang is limited to 
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use of CMP. It is, therefore, respectfully submitted that, under 35 U.S.C. § 102(e), claim 15 is 
drawn to subject matter which is allowable over the subject matter described in Wang. 

It is respectfully requested that the 35 U.S.C. § 102(e) rejections of claims 1, 2, 6, 7, 
and 10-22 be withdrawn. 

Rejections Under 35 U.S.C. § 103(a) 

Claims 3-5, 8, and 9 stand rejected under 35 U.S.C. § 103(a). 

The standard for establishing and maintaining a rejection under 35 U.S.C. § 103(a) is set 

forth in M.P.E.P. § 706.02(j), which provides: 

To establish a prima facie case of obviousness, three basic criteria 
must be met. First, there must be some suggestion or motivation, 
either in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference 
or combine reference teachings. Second, there must be a 
reasonable expectation of success. Finally, the prior art reference 
(or references when combined) must teach or suggest all the claim 
limitations. The teaching or suggestion to make the claimed 
combination and the reasonable expectation of success must both 
be found in the prior art, and not based on applicant's disclosure. 
In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). 

Wang in View of Yoshihara 

Claims 3, 4 and 5 stand rejected under 35 U.S.C. § 103(a) for reciting subject matter 
which is assertedly unpatentable over that taught in Wang, in view of teachings from U.S. 
Patent 6,1 17,486 to Yoshihara (hereinafter "Yoshihara"). 

Yoshihara teaches a method for forming photoresist layers that have a "predetermined" 
"uniform thickness" without any "ripples" therein. See, e.g., Col. 2, line 33; col. 11, 
lines 48-54, 62; Fig. 9. The phrase "uniform thickness" should not be confused with a 
"substantially planar" upper surface. 

Claims 3-5 are each allowable, among other reasons, for depending either directly or 
indirectly from claim 1, which is allowable. 
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Moreover, it is respectfully submitted that the Office has not established a prima facie 
case of obviousness against any of claims 3-5, as would be required to maintain the 35 U.S.C. 
§ 103(a) rejections of these claims. 

It is respectfully submitted that one of ordinary skill in the art would not have been 
motivated to combine the teachings of Wang with those of Yoshihara. Since Yoshihara teaches a 
process for forming a layer of uniform thickness, if the process taught in Yoshihara were used to 
form the smoothening layer 60 of Wang, the smoothening layer 60 would have a uniform 
thickness. It is clearly not possible for a layer which is formed over a nonplanar surface and 
which has a substantially uniform thickness to have a substantially planar surface. As a result, 
the smoothening surface 62 of the smoothening layer 60 would be every bit as nonplanar as the 
upper surface of the underlying dielectric layer 56. See Wang, Fig. 4d. 

Since the only result of the asserted combination of teachings one of ordinary skill in the 
art could reasonably expect would differ from the subject matter recited in independent claim 1, 
from which claims 3-5 depend, it appears that any motivation to combine the teachings of 
Yoshihara and Wang in the asserted manner could only have been improperly gleaned from the 
subject matter described in the '019 Application. 

It is also respectfully submitted that a person of ordinary skill in the art at the time of the 
invention would have no reason to expect that combining the teachings of Wang and Yoshihara 
in the manner that has been asserted would have been successful. Again, use of the spin-on 
process taught in Yoshihara to form the smoothening layer 60 of Wang would have merely 
resulted in a structure with a smoothening layer 60 of substantially uniform thickness. Due to the 
substantially uniform thickness of the resulting smoothening layer 60, the upper smoothening 
surface 62 thereof would take on substantially the same topography as the uneven upper surface 
of the underlying dielectric layer 56. Thus, one of ordinary skill in the art would have no reason 
to expect the asserted combination of teachings from Wang and Yoshihara to result in a 
smoothening layer 60 that has a planar upper smoothening surface 62, as would be required to 
render the subject matter recited in independent claim 1, from which claims 3-5 depend, obvious 
and, thus, unpatentable. 
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For these reasons, it is respectfully submitted that a prima facie case of obviousness has 
not been established against any of claims 3-5 and, thus, that under 35 U.S.C. § 103(a) each of 
claims 3-5 is drawn to subject matter which is allowable over the teachings of Wang and 
Yoshihara, taken either individually or together. 

Wang in View of Hsieh 

Claims 8 and 9 stand rejected under 35 U.S.C. § 103(a) for reciting subject matter which 
is allegedly unpatentable over the teachings of Wang, in view of the subject matter taught in U.S. 
Patent 6,228,71 1 to Hsieh (hereinafter "Hsieh"). 

Claims 8 and 9 stand rejected under 35 U.S.C. § 103(a) for reciting subject matter which 
is assertedly unpatentable over the teachings of Wang, in view of teachings from Hsieh. 

Claims 8 and 9 are both allowable, among other reasons, as respectively depending 
directly and indirectly from claim 1, which is allowable. 

In view of the foregoing, withdrawal of the 35 U.S.C. § 103(a) rejections of claims 3-5, 8, 
and 9 is respectfully requested. 
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CONCLUSION 



It is respectfully submitted that each of claims 1-22 is allowable. An early notice of the 
allowability of each of these claims is respectfully solicited, as is an indication that the 
above-referenced application has been passed for issuance. If any issues preventing allowance of 
the above-referenced application remain which might be resolved by way of a telephone 
conference, the Office is kindly invited to contact the undersigned attorney. 



Date: July 12, 2005 
BGP/djp:eg 

Enclosures: Microchip Fabrication - Chapter 8, Photolithography— Preparation to Exposure, 



pages 176-178 and 185-187 
U.S. Patent 6,117,486, Sep. 12, 2000, Yoshihara 
Chemical-mechanical planarization, 1 page 

Silicon Processing for the VLSI Era, Volume 2: Process Integration," pages 238-39 
Silicon Processing for the VLSI Era, Volume 1 : Process Technology," pages 520-29 




Respectfully submitted, 



Brick G. Power 
Registration No. 38,581 
Attorney for Applicants 

TraskBrjtt, PC 

P.O. Box 2550 

Salt Lake City, Utah 84110-2550 
Telephone: 801-532-1922 
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Figure 8.20 Comparison of negative and positive resists; 



these lines use negative resists. Figure 8.20 shows a comparison of 
properties of the two resists. ... 

Physical Properties of Photoresists ; ^ , ? - u..- . 

The performance factors just detailed are related to a number of phys- 
ical and chemical properties of the resist. The properties fare discussed 
in the followihg text, the influence of a particular property on the pro- 
cess is discussed in the process sections. , 

Solids content 

A photoresist is a liquid that is applied to the wafer by a spinnini 
technique. The thickness of resist left on the wafer is a function of tht 
spin step parameters and several resist properties (two of which an 
the solids content and viscosity). 1 _ 

Recall that the photoresist is a suspension of polymers, sensitizers 
and additives in a solvent. Different resists will 'contain differem 
amounts of these solids. The amount is referred to as the solids con; 
tent of the resist and is expressed as the weight percent in the resist 
Solids content is measured by evaporating off the solvent and weigh 
ing the amount of solids left. Solids contents are in the 20 to 40 per 
cent range. 4 ., ' s - > ' ■ ; 

Viscosity 

Viscosity is the quantitative measure of .liquid. flow._ ffig^yiscositj 
liquids, such as tractor oils, flow in a sluggish manner. Low-viscosit; 
liquids, such as water, flow more readily. In both cases, the mecha 
nism of flow is the same. The molecules in the liquid roll over eacl 
other as the liquid is being poured? As the molecules roll about, theri 
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exists an attraction between them that acts as ah internal friction. 
Viscosity is the measurement of that friction. 

Viscosity is measured by several techniques. One is the falling ball 
viscosimeter. In this instrument, a ball of measured size and weight is 
dropped into a tube of the liquid and timed as it passes between two 
marks. The higher the viscosity of the liquid, the longer it takes the 
ball to transist the marked distance. Another technique is the 
Ostwalk-Cannon-Fenske method, which is a timed measurement for a 
given amount of a liquid to pass through a given orifice. 

Most photoresist manufacturers measure viscosity with a rotating 
vane in the resist. The higher the viscosity, the more force is required 
to move the vane through the liquid at a constant speed. The rotating- 
vane apparatus illustrates the force-related character of viscosity. 

The .unit of viscosity is the centipoise. It is named after the French 
scientist Poisseulle who investigated the viscous flow of liquids. The 
poise is equal to one dyne second per centimeter.. Photoresist is mea- 
sured in centipoise. One centipoise is one-hundredth of a poise. The 
viscosity unit of centipoise is more correctly named the absolute vis- 
cosity. . -i. 

Another viscosity unit used by photoresist manufacturers is 
centistokes. This value is calculated from the absolute viscosity 
(centipoise) divided by the density of the resist.' This value is called 
the kinematic viscosity. Viscosity varies with temperature; therefore, 
its specified value is stated at a particular temperature, usually 25°C. 
Viscosity is a major parameter determining the resist thickness dur- 
ing the spin process. Viscosity is closely related to the solids content. 
The higher the solids content, the higher the viscosity. 



Surface tension 

The surface tension of a resist also influences the outcome at spin. 
Surface tension is a measure of the attractive, forces in the surface of 
the liquid (Fig. 8.21). Liquids with high surface tension flow less 
readily on a flat surface. It is the surface tension that draws a liquid 
into a spherical shape on a surface or in a tube. 



Index of refraction 

When the resist-covered wafer surface is being exposed, the transpar- 
ent resist is part of an optical system. As such, its optical properties 
must be specified and controlled. One property of transparent films 
sitting on reflective substrates (resist on a wafer) is that a light ray 
impinging on the surface at an angle will be bent as it passes through 
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Attractive Faces 




Figure 8.21 Surface tension. 



the film. This comes about as the light ray is slowed up in the mate- 
rial. The index of refraction is a measurement of the speed of light in 
a material compared to its speed in air, as shown in Fig. 8.22. It is 
calculated as the ratio of the reflecting angle to the impinging angle. 
For photoresists, the index of refraction is close to that of glass, ap- 
proximately 1.45. 

Storage and Control of Photoresists 

Photoresists are delicate high-technology mixtures. Great care anc 
precision go into their manufacture. Once a photomasking process is 
developed, its continuing success depends on the day-in, day-out con 
trol of the process parameters and a consistent photoresist product 
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Figure 8.22 Index of refraction, 
(a) 90° incident light; (6) angled 
light is refracted in the trans- 
parent film. 
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heated to the vapor point and the wafers are suspende 
for coating. 

A newer technique is vacuum vapor priming, which "use^. 
flask of HMDS connected to a vacuum oven or single-wafer < 
The wafers are first heated in the oven in a nitrogen atmosp 
ter a temperature of about 150°C is reached, the atmos 
switched to a vacuum. Once the vacuum level is reached, a 
opened and HMDS vapors are drawn into the chamber by 
pressure. Within the chamber, the wafers become complete! 
as the vapors fill the entire chamber. This method has shown 
hesion longevity even in the presence of high humidity. 6 

Vacuum vapor priming offers the additional advantage o 
bined dehydration bake and prime step and a significant redi 
HMDS usage. In a production area that typically uses gi 
HMDS per week, switching to vacuum vapor priming will re 
age to pints per month. Vacuum vapor priming practiced in 
type oven adds an additional step to the process. Many ai 
spinner systems offer in-line vapor primers. 

Photoresist spinning 

The purpose of the photoresist application step is the establisl 
a thin, uniform, defect-free film of photoresist on the wafer 
These qualities are easy to state, but they require sophisticate 
meht and stringent controls to achieve. A typical resist layt 
from 0.5 to 1.5 jim in thickness and has to have a uniformity c 
minus only 0.01 jjim (100 A). This variation is 1 percent of i 
thickness. 

The usual methods of applying thin layers of liquids to suri 
brushing, rolling, and dipping. None of these methods is ade 
achieve the quality resist film necessary for photomaski 
method used , is spinning, which was briefly described in the s« 
priming. Spinners are built in manual, semiautomatic, and at 
designs. The systems differ in the degree of automation and 
scribed in the. following text. However, the deposit of "the fib 
wafer is common to each of the systems. 

The static spin process. The wafer that is ready for spinnir. 
priming) is on the vacuum chuck. Several cubic centimeters 
the photoresist, is deposited in the center of the wafer (Fig. 8 
allowed to spread, out into ; a puddle, The puddle is allowed t< 
until it covers the majority of the wafer surface. The size of ,tht 
is a process parameter that depends on the size of the wafer 
type of resist used. The amount of resist deposited in the puddl 




pnotoiltnograpny— Preparation to exposure 185 

heated to the vapor point and the wafers are suspended in the vapors 
for coating. 

A newer technique is vacuum vapor priming, which uses a sealed 
flask of HMDS connected to a vacuum oven or single-wafer chamber. 
The wafers are first heated in the oven in a nitrogen atmosphere. Af- 
ter a temperature of about 150°C is reached, the atmosphere is 
switched to a vacuum. Once the vacuum level is reached, a valve is 
opened and HMDS vapors are drawn into the chamber by the low 
pressure. Within the chamber, the wafers become completely coated 
as the vapors fill the entire chamber. This method has shown good ad- 
hesion longevity even in the presence of high humidity. 6 

Vacuum vapor priming offers the additional advantage of a com- 
bined dehydration bake and prime step and a significant reduction in 
HMDS usage. In a production area that typically uses gallons of 
HMDS per week, switching to vacuum vapor priming will reduce us- 
age to pints per month. Vacuum vapor priming practiced in a chest- 
type oven adds an additional step to the process. Many automatic 
spinner systems offer in-line vapor primers. 

Photoresist spinning 

The purpose of the photoresist application step is the establishment of 
a thin, uniform, defect-free film of photoresist on the wafer surface. 
These qualities are easy to state, but they require sophisticated equip- 
ment and stringent controls to achieve. A typical resist layer varies 
from 0.5 to 1.5 |xm in thickness and has to have a uniformity of plus or 
minus only 0.01 ^m (100 A). This variation is 1 percent of a 1.0-u.m 
thickness. 

The usual methods of applying thin layers of liquids to surfaces are 
brushing, rolling, and dipping. None of these methods is adequate to 
achieve the quality resist film necessary for photomasking. The 
method used is spinning, which was briefly described in the section on 
priming. Spinners are built in manual, semiautomatic, and automatic 
designs. The systems differ in the degree of automation and are de- 
scribed in the following text. However, the deposit of the film on the 
wafer is common to each of the systems. 

The static spin process. The wafer that is ready for spinning (after 
priming) is on the vacuum chuck. Several cubic centimeters (cm ) of 
the photoresist is deposited in the center of the wafer (Fig. 8.28) and 
allowed to spread out into a puddle. The puddle is allowed to spread 
until it covers the majority of the wafer surface. The size of the puddle 
is a process parameter that depends on the size of the wafer and the 
type of resist used. The amount of resist deposited in the puddle is crit- 
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Figure 8.28 Static spin process. 



ical only in the extremes. Too small an amount will result in incom- 
plete resist coverage, and too much will cause a buiUup of a resist run 
or result in resist on the back of the wafer (Fig. 8.29). 

When the puddle reaches its specified diameter, the chuck is rapidly 
accelerated to a predetermined speed. During the acceleration centrif- 
ugal forces spread the resist to the wafer edge and throw off excess 
resist, leaving a thin uniform layer on the wafer The high-speed I spin 
continues for some time after the resist is spread to allow drying of the 

"The final thickness of the film is established as the result of the re- 
sist viscosity, the spin speed, the surface tension, and the drying char- . 
acteristics of the resist. In practice, surface tension and the drying 
characteristics are properties of the resist, and the viscosity-spin 
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Figure 8.29 Example of resist coverage. 




2000 4000 6000 8000 

Spin Speed (RPM) 

Figure 8.30 Resist thickness versus spin speed. 
{Courtesy ofKTI Chemicals.) 



speed relationship is determined from curves supplied by the resist 
manufacturer or established for the particular spin system used (Fig. 
8.30). 

Although spin speed is specified to control resist thickness, it is ac- 
tually the acceleration rate that establishes the final resist thickness. 
The acceleration characteristic of the spinner must be specified, and it 
is usually maintained as a constant in the spin process. , 

Dynamic dispense. The need for uniform resist films on larger- 
diameter wafers led to the development of the dynamic spin dispens- 
ing technique in the 1970s (Fig. 8.31). For this technique the wafer is 
rotated at a low speed of approximately 500 rpm., While the wafer is 
rotating, the resist is dispensed onto the surface. The action of the ro- 
tation assists in the initial spreading of the resist. Less resist is used 
and a more uniform layer is achieved. After spreading of the resist, 
the spinner is accelerated to a high speed to complete the spread and 
thin the resist into a uniform film. 

Moving-arm dispensing. An improvement on the dynamic dispense 
technique is the addition of a moving-arm resist dispenser (Fig. 8.32). 
The arm, moves in a slow motion from the center of the wafer toward 
its edge. This action creates more uniform initial and final layers. A 
moving-arm dispenser also saves resist material, especially for. larger- 
diameter wafers. 
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Figure 9.13 Typical develop inspect log. 
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Figure 9.14 Bridged conduction lines. 

from an overexposure, poor mask definition, or a resist film that is too 
thick. .-, ; : . f , 

Etch ' . • 

At the completion of the develop inspect step, the mask (or reticle) pat- 
tern is defined in the photoresist layer and is ready for etch. During 
the etch step the image will be permanently transferred into the sur- 
face layer on the wafer. The goal is an exact transfer of the image into 
the resist layer. The degree of exactness is dependent on several fac- 
tors ( which will be explored, as a preparation for discussion of the dif- 
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Figure 9.15 Incomplete etch. 

ferent etch methods. The factors affecting image transfer are incom- 
plete etch, overetching, undercutting, and selectivity. 

Incomplete etch 

Incomplete etch is a situation in which a portion of the surface layer 
still remains in the pattern hole or on the surface (Fig. 9.15). The 
causes of incomplete etch are too short an etch time, the presence of a 
surface layer that slows the etching, or an uneven surface layer that 
results in incomplete etch in the more thickly coated portions of the 
wafer. If wet-chemical etching is used, a lowered temperature or weak 
etch solution will cause incomplete etch. If dry plasma etching is used, 
a wrong gas mixture or an improperly operated system can cause the 
same effect. 

Overetch and undercutting 

The opposite condition to incomplete etch is overetch. In any etch pro- 
cess there is always some degree of overetch planned into the process. 
This is necessary to ensure complete removal of the thickest portions 
of the the layer and to allow for the etch to break through any slow- 
etching layers on the top surface. 

The ideal etch leaves vertical sidewalls in the layer (Fig. 9.16). Etch 
techniques that produce "this ideal result are said to be anisotropic. 
However, the etching chemical dissolves the top of the sidewall for a 
longer time than the bottom of the hole. The result is a hole wider at 
the top than the bottom with a sloped sidewall. Etching techniques 
that produce this result are called isotropic. This action of the etching 
chemical is called undercutting (Fig. 9.17) since the surface layer is 
undercut below the resist edge. Circuit layout designers take under- 
cutting into account when planning the circuit. Adjacent patterns 
must be separated a certain distance to prevent shorting. The amount 
of undercutting must be calculated when the pattern is designed. 

An ongoing goal of the etch step is the control of undercutting to an 
acceptable level. Severe undercutting (or overetch) takes place when 
the etch time is excessive, the etch temperature is too high, or the etch 
mixture is too strong. Undercutting is also present when the adhesion 
bond between the photoresist and the wafer surface is weak. This is a 
constant worry, and the purpose of the dehydration, prime, soft bake, 
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etch. 
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and hard bake steps is to prevent this type of failure. Failure of the 
resist bond at the edge of the etch hole can result in severe undercut- 
ting. If the bond is very poor, the resist can lift from the wafer surface, 
causing catastrophic undercutting. - 



Selectivity 

Another goal of the etch step is the preservation of the surface under- 
lying the etched layer. If the underlying surface of the wafer is par- 
tially etched away, the physical dimensions and electrical perfor- 
mance of the devices are changed. The property of the etch process 
that relates to preservation of the surface is selectivity. High selectiv- 
ity implies little or no attack of the underlying surface. In wet etching 
techniques an etchant acid that will not attack the underlying mate- 
rial is chosen. 



Wet Etching 

For over 30 years the traditional method of etching has been by im- 
mersion techniques using wet etchants. The procedure is similar to 
the preoxidation clean-rinse-dry process (Chap. 7) and i mmersion de - 
velopment. The emergence of feature sizes less than 3 |xm has seen the 
"shift from wet to dry etching techniques. However, keep in mind that 
within a circuit whose smallest dimensions are 3 |xm or less, there are 
still mask levels with dimensions well above that level. In many cases 
dry etching is employed for small dimensions and wet etching for the 
larger ones. - •< ' ; 

For wet etching, the wafers are loaded into an etch-resistant boat and 
immersed in a tank of the etcha nt. After a predetermined time in the 
etch tank they are processed through the rinsing and drying steps. 



224 Chapter Nine 



™ v> - n „nifnrmitv and process control are enhanced by the addition 

^S^M^^ such as stirrers ° r ultras ° nic waveS ' 

to ^ fa T^SS' equipment is simple in concept, a high- 
T^of wet tnch' can be very sophisticated, 9 incorporating 
-To! of the timers and heaters. Many systems 
? E beams or robots for the automatic placement of the 
^rTo derf in thTetch, rinse, and dry subsystems. The etch tanks 
^SL^nui systems are filled by hand, a dangerous 
and possibly contaminating practice. Newer systems have plumb- 
fng to Slow the filling of the tanks from reserve tanks by remote 

^worry about etchant contamination of the wafers is being ad- 
dressed Z point-of-use filters. These are special filters fitted to auto- 
matic chemical dispensing systems to filter-clean the chemicals just 
Sr to fiUing the immersion tank. This placement catches particu- 
ZZ contamination from the chemicals, the pumps, and the tubing sys- 

te Wet etchants are selected for their ability to unifor^ 

tot) wafer la yer without attacking the underlying material (good se- 

'iShne variability is introduced by MBSStu™^^ the 
boat and wafers colne to temperature equilibrium in the tank and the 
conned etching action as the wafers are transferred to a rinse tank. 
Genially, the process is set at the shortest time compatible with uni- 
form etching and high productivity. The maximum time ,s — to 
the amount of time the resist will continue to adhere to the wafer sur 
face. 

Silicon wet etching 

Silicon layers are typically etched with a solution of .nitric and HF ac- 
SJS^waterThe formula becomes an important factor m con- 
t 1 o?the etch. In some ratios, the etch has an exothermic reaction 
Sh the silicon. Exothermic reactions are those that produce heat 
which in turn, speeds up the etch reaction, which, m turn, creates 
mo re h at and' so on, resulting in an ^^^^^Z 
times acetic acid is mixed in with the other ingredients to control the 

exothermic reaction. , 

Some devices require the etching of a trough or trench , mto the sil- 
icon surface. The etch formula is adjusted to make the etch rate de- 
pendent on the orientation of the wafer, ^^^^t 
a 45° angle, while (lOO)-oriented wafers etch with a flat bottom. 
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Other orientations result in different-shaped trenches. Polysilicon 
films are also etched with the same basic formula. 

Silicon dioxide wet etching 

The most common etched layer is a thermally grown silicon dioxide. 
The basic etchant is hydrofluoric acid (H F). HF has the advantage of 
dissolving silicon dioxide without attacking silicon . However, full- 
strength HF has an etch rate of about 300 A/s at room temperature. 4 
This rate is too fast for a controllable process (a 3000-A layer would 
etch in only 10 s). 

In practice, the HF (assay of 49%) is mixed with water or ammo- 
nium fluoride and water. The ammonium fluoride (NH 4 F) acts as a 
buffer to the unwanted generation of hydrogen ions which accelerate 
the etch rate. These solutions are known as buffered oxide etches or 
BOEs. They are mixed in different strengths to create reasonable etch 
times for the particular oxide thickness (Fig. 9.18). Some BOE formu- 
las include a wetting agent (surfactant such as Triton X-100 or equiv- 
alent) to reduce the surface tension of the etch, allowing it to uni- 
formly penetrate into smaller openings. 

Aluminum film wet etching 

Selective etching solutions for , aluminum and aluminum alloy layers 
are based on phosphoric acid. An unfortunate by-product of the reac- 
tion of aluminum and phosphoric acid ar e,.tiny bubbles of hydrogen , as 
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Figure 9.18 Etch rate versus 
temperature for BOEs: 



226 Chapter Nine 

shown in the reaction in Fig. 9.19. These bubbles cling to the wafer 
surface and block the etch action. The result is either bridges of alu- 
minum that can cause electrical shorts between adjacent leads or 
spots of unwanted aluminum, called snowballs, left on the surface. 
Neutralization of this problem is accomplished by use of an aluminum 
etching solution that contains phosphoric acid, nitric acid, acetic acid, 
water, and wetting agents. A typical solution of the active ingredients 
(less wetting agent) is 16:1:1:2. 

In addition to the special formulas, a typical aluminum etch process 
will include wafer agitation by stirring or moving the wafer boat up 
and down in the solution. Sometimes ultrasonic or megasonic waves 
are used to collapse and move the bubbles around. 



Deposited oxide wet etching 

One of the final layers on a wafer is a silicon dioxide passivation film 
deposited over the aluminum metallization pattern. These films are 
known as vapox or silox films. While the chemical composition of the 
films is that of silicon dioxide, the same as thermally grown silicon 
dioxide, they require a different etch solution. The difference is in the 
selectivity required of the etchant. 

The usual etchant for silicon dioxide is a BOE solution. Unfortu- 
nately, the BOE attacks the underlying aluminum pads, causing 
bonding problems in the packaging process. This condition is called 
brown, or stained, pads. The preferred etchant for this layer is a solu- 
tion of ammonium fluoride and acetic acid mixed in a ratio of 1:2. 



Silicon nitride wet etching 

Another compound favored for the passivation layer is silicon nit ride. 
It is possible to etch this layer with wet chemical means, but it is not 
as easy as for the other layers. The chemical used is hot (180°C) phos- 
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Figure 9.20 Summary of wet etching process. 



phoric acid. Since the acid evaporates rapidly at this temperature, the 
etch must be done in a closed reflux container equipped with a cooled' 
lid to condense the vapors. The major problem, is that photoresist lay- 
ers do not stand up to the etchant temperature and aggressive etch 
rate. Consequently, a layer of silicon dioxide or some other material is, 
required to block the etchant. These two factors have led to the use of. 
dry etching techniques for silicon nitride. • 



Wet spray etching 

Wet spray etching offers several advantages over immersion etch- 
ing. Primary is the added definition gained from the mechanical' 
pressure of the spray. 5 Spray etching also minimizes contamination 
from the etchants. From a process control point of view, spray etch 
is more controllable, since the etchant can be instantly removed 
from the surface by switching the system to a water, rinse. Single-; 
wafer spinning-chuck spray systems offer considerable process uni- 
formity advantages. 

Disadvantages to spray etching are system cost, safety consider- 
ations associated with caustic etchants in a pressurized system, and 
the requirement of etch-resistant materials to prevent the deteriora- 
tion of the machine. On the plus side, spray systems are usually en- 
closed, which adds to worker safety. Figure 9.20 is a table of common 
semiconductor films and their common etchants. 

Dry Etch 

The limits of wet etching for VLSI-size patterns has been mentioned 
in the previous section. For review they are 
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1. Wet etching is limited to pattern sizes of 3 |xm. 

2. Wet etching is isotropic, resulting in sloped sidewalls. 

3. A wet etch process requires rinse and dry steps. 

4. The wet chemicals are hazardous and/or toxic. 

5. Wet processes represent a contamination potential. 

6. Failure of the resist- wafer bond causes undercutting. 

These considerations have led to the use of dry etch processes for the 
definition of small feature sizes on advanced circuits. Figure 9.21 is an 
overview of the dry etching techniques used. 

Dry etching is a generic term that refers to the etching techniques in 
which gases are the primary etch medium, and the wafers are etched 
without wet chemicals or rinsing. The wafers enter and exit the sys- 
tem in a dry state. 

Barrel plasma etching . 

The term dry etching is sometimes used to refer to plasma etching, 
although there are two other dry etching techniques— ion milling and 
reactive ion etch. Plasma etching, like wet etching, is a chemical pro- 
cess but uses plasma ener g y to d riv e the react ion. Comparison of sili- 
con dioxide etching in the two systems illustrates the differences. In 
wet etching of silicon dioxide, th e fluo rine in the BOE etchant is the 
ingredient that dissolves the silicon dioxi de, converting it to water- 
rinsable components. The energy required to drive the reaction comes 
from the internal energy in the BOE solution or from an external 
heater. 

A plasma etcher requires the same elements: a , chemical etcha nt 
and an energy source . Physically, a plasma etcher consists of a cham- 
ber, vacuum system, gas supply, and a power supply (Fig. 9.22). The 
wafers are loaded into the chamber and the pressure inside is reduce d 
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Figure 9.22 Barrel plasma etch. 
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by the vacuum system. After the vacuum is established, the chamber 
is filled with th e reactive gas. For the etching of silicon dioxide the gas 
is usually CF 4 mixed wi th oxygen. The power supply creates a 
radiofrequency'(RF) field through electrodes in the chamber. The field 
energizes the gas mixture to a plasma st ate. In the energized state the 
fluorine attacks the silicon diox ide, converting it into v olatile compo- 
nents that are removed from the system by the vacuum system. 

The earlier plasma systems were designed with .circular chambers"^ 
and are called barrel etchers. While providing the benefits of dry etch- 
ing, barrel plasma systems produce isotropic etching. . Within the 
chamber the etching ions are energized by the plasma in a- non- 
directional manner. The etching ions attack the surface layer from all 
directions, creating a tapered sidewall. In a barrel system, the wafers 
are held in a boat and etching relies on the mixing of the etching ions 
between the wafers. Uniform etching of wafers in a barrel etching sys- 
tem is' difficult because it is hard to supply a constant amount' of 
etchant to all the wafers in the system and' ' because of - the ' non- 
directionality of the etching ions. 

Another consideration of barrel plasma etching is radiation damage 
resulting from the high-energy plasma field. The high energy- causes 
charges to build up in the wafer surface that compromise the electrical 
functioning of the circuit. Protection of the wafers from the radiation 
is provided by perforated metal cylinders that isolate the wafers from 
the plasma field (Fig. 9.23). ' /' ' ' ' " : : 

Planar plasma etching ; , f! . r , , .. ; 

For more precise etching, plasma planar systems are preferred. These 
systems contain the basic elements of the barrel system, but the wa- 
fers are placed on a grounded pallet under the RF elect rode (Fig. 9.24). 
The wafers are actually in the plasma field arid the etching ions are 
more directional than those in a barrel system. The result is. a more 
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Figure 9.23 Barrel plasma strip- 
per with protective shield. 
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anisotrop ic etch with almost vertical sidewalls possible. Etching uni- 
formity is"increased with the rotation of the wafer pallet in the sys- 
tem. # 

Etching of silicon dioxide in a planar system takes place mi^F^) 
which provides ,good selectivity when etching silicon dioxide over sil- 
icon substrates. Selectivity is a major consideration of plasma etching 
processes. The three methods used to co ntr ol selectivity are the selec - 
tion of the etchmggaa ifor mula , t he dilution of the gas ngarjheend [of ^ 
the process to ^ow^qwn the^ttack pi^c^jx^^c^^^^^- 
,endpoint detectors in the system. An endpoint detector for a silicon di- 
oxide etch over silicon would automatically terminate the etching pro- 
cess as soon as some silicon was detected in the exiting gas stream. 

The etch rate of a plasma system is determined by the power sup- 
plied to the electrodes, the chemistry of the gas etchants (Fig. 9.25), 
and the vacuum (pressure) level in the chamber. Etch rates vary from 
600 to 2000 A/min. 6 Planar plasma etch systems are designed in both 
batch and single-wafer chamber configurations. The single-wafer sys- 
tems are popular for their ability to have the etch parameters tightly 
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Figure 9.25 Plasma etch chemicals. 



controlled for uniform etching. Also, with load-lock chambers single: 
wafer systems can maintain high production rates and are amenable 
to in-line automation. i , ^ > , -< ; 

Ion beam etching ' .;•< 

A second type of dry etch system is the ion beam system (Fig. 9.26)! 
Unlike plasma systems, ion beam etching is a physical process. The 
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wafers are placed on a holder in a vacuum chamber and a stream of 
argon is introduced into the chamber. Upon entering the chamber, the 
argon is subjected to a stream of high-energy electrons from a set of 
cathode-anode electrodes. The electrons ionize the argon atoms to a 
high-energy state with a positive charge. The wafers are held on a 
negatively grounded holder which attracts the ionized argon atoms. 
As the argon atoms travel to the wafer holder they accelerate, picking 
up energy. At the wafer surface they crash into the exposed wafer 
layer and literally blast small amounts from the wafer surface. Scien- 
tists call this action a momentum transfer, a physical process. No 
chemical reaction takes place between the argon atoms and the wafer 
material. Ion beam etching is also called sputter etching or ion milling. 

The material removal (etching) is highly directional, resulting in 
good definition of small openings. Two considerations of ion beam 
etching is its poor selectivity and radiation damage from the ioniza- 
tion mechanism. 

Reactive ion etching 

Reactive ion etching (RIE) systems combine plasma etching and ion 
beam etching principles. The systems are similar in construction to 
the plasma and the ion beam systems but have a capability of ion mill- 
ing. The combination brings the benefits of chemical plasma etching 
along with the benefits of directional ion milling. A major advantage 
of RIE systems is in the etching of silicon dioxide over silicon layers. 
* The combination etch results in a selectivity ratio of 35: l, 7 whereas 
ratios of only 10:1 are available withTpTasma^only etching. 

Dry etch etchants 

As in wet etching, the selection of a dry etchant is dependent on the 
layer to be etched, the material under the layer, and the etching 
method selected. The table in Fig. 9.25 is a list of commonly used 
etchant gases. 

Resist etch barriers in dry etching 

For both wet and dry etching processes, a patterned photoresist layer 
is the preferred etch barrier, jln wet etching there is almost no attack 
of the resist by the etchants. However, in dry etching, residual oxygen 
in the system attacks the resist layer. An important process parame- 
ter is the thickness of a resist destined for a dry etch. The resist must 
be thick enough to stand up to the etchants without becoming so thin 
that pinholes are present. 
Another resist-related dry etch problem is resist baking. Within the 
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dry etch chamber, the temperature can rise as high as 200°C, a tem- 
perature that can bake the resist to a condition that makes it hard to 
remove from the wafer. Another temperature-related problem is the 
tendency of resist patterns to flow and distort the images. 

Resist Stripping 

After etching, the pattern is a permanent part , of the top layer of the 
wafer. The resist layer that has acted as an etch barrier is ho longer 
needed after etching and is removed (or stripped) from the surface. 
Traditionally, the resist layer has been removed by wet chemical pro- 
cessing: The development of dry etching systems has led to the use of 
plasma stripping. ; 

Wet chemical stripping of nonmetal 
surfaces 

A number of different chemicals are used for stripping. The choice de- 
pends on the wafer surface the resist is being removed from, product 
tion considerations, and the polarity of the resist. (Fig. 9.27). Generally 
the strippers are divided into the categories of universal strippers and 
positive- and negative-only strippers/ ' . / 
Wet stripping is favored for the following. reasons: 1 ' 

1. It has a long process history. ^' * ; v •■ 

2. It is cost-effective. 

3. It is effective in the removal of metallic ions. " 

4. It is a low-temperature process and does not expose the wafers, to 
possibly damaging radiation. . ; . I* ; . i. 

A wet stripping process, requires the same steps as a wet etch: strip, 
water rinse, and dry.. .■; ; ' . 



Sulfuric acid and hydrogen peroxide.; Solutions of sulfuric acid and hy- 
drogen peroxide are the most common strippers, usedfor the removal 
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Chemical-mechanical planarization 

From Wikipedia, the free encyclopedia. 
(Redirected from Chemical mechanical polish) 

Chemical-mechanical planarization or Chemical-mechanical polishing, commonly abbreviated CMP, is a 
technique used in semiconductor fabrication for planarizing the top surface of an in-process semiconductor wafer 
or other substrate. 

The process uses an abrasive and corrosive chemical slurry (commonly a colloid) in conjunction with a polishing 
pad, typically of a greater diameter than the wafer. The pad and wafer are pressed together and rotated at different 
rates, with different axes of rotation (i.e., not concentric). This removes material and tends to even out any 
irregular topography, making the wafer flat or planar. This may be necessary in order to set up the wafer for the 
formation of additional circuit elements. For example, this might be necessary in order to bring the entire surface 
within the depth of field of a photolithography system, or to selectively remove material based on its position. 

The process of material removal is not simply that of abrasive scraping, like sandpaper on wood. The chemicals in 
the slurry also react with and/or weaken the material to be removed. The abrasive accelerates this weakening 
process and the polishing pad helps to wipe the reacted materials from the surface. The process has been likened 
to that of a child eating a gummy candy. If the candy sits on the tongue without being scraped around, the candy 
becomes covered with a gel coating, but the majority of the candy is not affected. Only with a vigourous scraping 
does the candy dissolve away. 

Before about 1994 CMP was looked on as too "dirty" to be included in high-precision fabrication processes, since 
abrasion tends to create particles and the abrasives themselves are not without impuritites. Since that time, the 
integrated circuit industry has moved from aluminium to copper conductors. This required the development of an 
additive patterning process, which relies on the unique abilities of CMP to remove material in a planar and 
uniform fashion and to stop repeatably at the interface between copper and oxide insulating layers (see Copper- 
based chips for details). Adoption of this process has made CMP processing much more widespread. 

Retrieved from "http://en.wikipedia.org/wiki/Chemical-mechanical_planarization" 
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properties of ECR silicon-oxide and silicon-nitride films are given in references 103, 
104, and 105. 

It has been observed that the physical properties of the ECR films are better than 
those obtained with conventional PECVD processes. However, the step coverage can be 
very nonconformal, and the sidewall films can be quite porous if the film is deposited 
without rf bias. 

Films deposited in conventional ECR machines exhibit non-uniform thickness, 
especially on large wafers (>150 mm), due to the divergent magnetic field that extracts 
the ions from the microwave cavity. The modified magnetic coils of more recently 
designed machines make it possible to produce films with ±5% thickness uniformities 
across 150-mm wafers. 106 

A system that uses ECR to generate a plasma with oxygen gas (instead of Ar) has 
been reported for sputtering layers of S1O2 by formed CVD in the same chamber. 261 
The oxygen ions sputter the SiC>2 (formed earlier by reaction of SiH4 and O2) to 
achieve planarization. This can be achieved without applying a dc bias the substrate or 
by having self-bias develop between the wafer and the plasma. That is, an rf signal at 
400 kHz is applied to the substrate. The impinging oxygen ions from the plasma can 
follow this electric field, and thus bombard the surface without having a self-bias build 
up on the substrate. Electrostatically-caused damage (due to the buildup of charge on the 
wafer surface as a result of self-bias) is thus prevented, while the sputtering needed to 
achieve planarization still occurs. High sputtering rates of Si02 films with low damage 
have been reported. 

4.4.11 Chemical-Mechanical Polishing 

The sacrificial-resist etchback process, even with a compensated-PBM resist layer, still 
has severe problems for multilevel metal applications. The deposition and etchback 
tolerances associated with large fil m thickne sses are cumulative, and any non-planarity 
of the resist is replicated in the final planarized oxide surface. Under RIE etchback 
conditions designed to reduce such non-planarities (i.e., the oxide/resist etchrate ratio is 
increased to more than 1.0), oxide spikes are caused (Fig. 4-35a). A chemical- 
mechanical polishing (CMP) process has recently been reported for removing such 
spikes. 265 The CMP process can rapidly remove such small elevated features without 
significantly thinning the oxide on the flat areas (Fig. 4-35b). It is pointed out that the 
CMP process alone is not viable for planarization_because.residual.oxide-wUL te left in 
th e IniddTeonarge active a jgas.oxarrayS-after polishing (Fig. 4-35c). By using CMP 
and etchback planarization, however, an effective planarization method can be achieved. 

Not many details about CMP technology have been published as of this writing, but 
references to silicon wafer-polishing techniques have been cited. 266 To prevent 
mechanical work damage from remaining on the polished film, the chemical component 
of the polishing should probably dominate. Since the wafers will likely be polished one 
at a time, the throughput is also likely to be low (e.g., on the order of 5-10 wafers per 
hour). Other predicted problems include the clean-up of the polishing-slurry particles 
from the wafer surface (slurry-particle size <0.1 /im), the question of how to make 
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Fig. 4-35 (a) Cross section after selective RIE etchback, showing local oxide spikes that 
remain after the etchback when the oxide/resist etch-rate ratio > 1. (b) Measured oxide step 
heights before and after CMP, showing the fast removal rate of such spikes, (c) Schematic 
drawing showing the fundamental problem of "CMP-only" planarization.^ 0 ^ (© 1989 IEEE). 

such a dirty process compatible with the clean room environment (i.e., reducing the 
density of the 50,000 to 100,000 particles/ft 3 generated, to less than 50/ft 3 ), the lack of 
an end point detection method, and maintaining sufficient polishing-rate uniformity 
across the wafer, and from wafer to wafer. Commercially available equipment for 
performing this process is reportedly being developed. 
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Fig. 4 (a) Example of sputter-etch rate of thermal SiOj. Courtesy of Varian Associates. 
Contamination of contacts during sputter etching by (b) backscattering events, and (c) faceting. 
Material sputtered from the facet deposits in the contact at a rate that can exceed removal of ma- 
terial from the bottom of the opening 10 . Reprinted by permission of the American Physical Soc. 

(2000-3000 lb /in 2 ) DI water jet sweeps across the wafer surface and removes the microscopic 
debris dislodged by the brush, as well as any residual particles generated by the brush. 

In-Situ Sputter Etch Removal of Native Oxide Films 

A thin oxide (5-50 A) grows on silicon (SiO z ) or aluminum (A^Oj) when these materials 
are exposed to air. This thin oxide (known as native oxide) can adversely effect subsequent 
processing steps, for example by causing high contact resistance, or impeding interfacial 
reactions of films deposited on the substrate materials. Thus, it is important to remove this 
oxide layer and keep it from reforming before depositing the overlying film. 

Concerns have arisen about whether chemical cleaning techniques will be adequate for 
removing native oxide films, especially in contact holes or via regions smaller than 2 urn. As a 
result removal of such films is also being conducted in the same vacuum environment in which 
the overlying film will be deposited (in situ). Sputter etching is used to remove up to several 
hundred angstroms of the wafer surface including, it is surmised, the unwanted native oxide at the 
bottom of the contacts or vias. Some questions have also been raised about the effectiveness of 
this technique for small (e.g. < 2 urn) contacts 10 . It is argued that such sputter etching (Fig. 4) 
will cause more contamination of the contacts through redeposition by backscattering of material 
sputtered from wafers and chamber surfaces, and by sputtering of contact sidewall material into 
the contact bottom. In situ removal of the native oxide by plasma chemical reactions, instead of 
physical sputtering mechanisms, has been proposed to circumvent this problem. Several sputter 
equipment suppliers offer such alternative in situ cleaning capabilities. 



TERMINOLOGY OF ETCHING 

Etching in microelectronic fabrication is a process by which material is removed from the 
silicon substrate or from thin films on the substrate surface. When a mask layer is used to 
protect specific regions of the wafer surface, the goal of etching is to precisely remove the 



WET PROCESSING : CLEANING, ETCHING, AND LIFTOFF 521 



material which is not covered by the mask (Fig. 5). In this section we will discuss the terms 
used to describe the basic aspects of etch processes. 

Bias, Tolerance, Etch Rate, and Anisotropy 

In general an ideal etch process is not completely attainable. That is, the etching processes 
are not capable of precisely transferring the pattern established by the protective mask into the 
underlying material. The degree to which the process fails to satisfy the ideal is specified by two 
parameters: bias and tolerance. As shown in Fig. 6d, bias is the difference in lateral dimension 
between the etched image and the mask image. Tolerance is a measure of the statistical 
distribution of bias values that characterizes the uniformity of etching. The tolerance parameter 
can be specified for a single wafer (bias distribution across a wafer), for an entire lot (bias 
distribution throughout the lot) or from run-to-run (bias distribution across a group of runs). 

The rate at which material is removed from the film by etching is known as the etch rate. 
The units of etch rate are typically expressed in A /sec, urn /min, etc. Generally, high etch rates 
are desirable as they allow higher production throughputs, but in some cases high etch rates make 
control of lateral etching a problem. That is, since material removal can occur in both the 
horizontal and vertical directions, the horizontal etch rate as well as the vertical etch rate may 
need to be established in order to characterize an etch process. Normally the uniformity of these 
etch rates is also of interest, and is expressed for three conditions (across a wafer, from 
wafer-to-wafer, and from run-to-run), as etch rate % uniformity, according to: 



Etch Rate Percent Uniformity = 



(EtchRate^ - BchRate^) 
(EtchRate high + EtchRate^) 



x 100% 



(1) 



Highly uniform etch rates are almost always desirable in an etch process. 

The lateral etch ratio, Lj^, is defined as the ratio of the etch rate in a horizontal direction to 




(a) 




(b) 



(c) 



Fig. 5 Comparison of (b) isotropic, and (c) completely anisotropic etching. From E.C. Douglas, 
Solid State Tehnol., 24, 65, (1981). Reprinted with permission of Solid State Technology, 
published by Technical Publishing, a company of Dun & Bradstreet. 
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that in the vertical direction. Thus: 



WnriTnntal f trh Rate, nf Material 
Vertical Etch Rate of Material 



(2) 



In the case of an ideal etch process the mask pattern would be transferred to the underlying layer 
with zero bias. This would then create a vertical edge profile in the etched layer coincident with 
original edge of the mask. Therefore the lateral etch rate would also have to have been zero. For 
non-zero Lr, the film material is etched to some degree under the mask and this effect is called 

undercut (Fig. 5d). ... 

When the etching can proceed in all directions at the same rate, it is said to be isotropic 
(Fig. 5b). By definition, however, any etching that is not isotropic is anisotropic. If etching 
proceeds exclusively in one direction (e.g. only vertically), the etching process is said to be 
completely anisotropic. Since many etch processes fall between the extremes of being isotropic 
and completely anisotropic, it is useful to define a degree of anisotropy, A, as: 



A = 1 



(3) 



Thus, when Lr = 0, A = 1, and this condition corresponds to completely anisotropic etching. 
When Lp = 1, the vertical and horizontal etch rates are equal, and the degree of anisotropy is 
A = 0. This corresponds to an isotropic etching condition. Most wet etching processes and 
some dry-etching processes exhibit uniform etch rates in all directions, and hence are isotropic. 

An example of an etch profile in the film being removed versus time is shown for an 
isotropic etch, L- = 1 (Fig. 6a) and for a process in which Lr = 0.1 (Fig. 6b). If the films are 
etched just to completion, the profile f or Lr = 1 has the shape of a quarter circle, whereas the 
profile of Lr = 0.1 is vertical except near the bottom (where it is rounded). If this etch is 
allowed to continue, however, even the profile with Lr= 1 becomes more vertical, though 
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Fig. 6 (a) Isotropic etching of a film vs time (L R = 1). Overetching results in profiles are more 
vertical, (b) Etching of film versus time when Lr = 0.1. (c) Etch bias is a measure of the amount 
by which the etched film undercuts the mask "at the mask film interface. Fig. (c) Copyright, 1983, 
Bell Telephone Laboratories, Incorporated, reprinted by permission. 
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lateral etching proceeds more rapidly than the process in which Lr = 0.1, and thus leads to more 
severe undercutting. ' As a result, we see that Lr is one of the variables which impacts feature 
size, as well as edge profile. We shall also see that other parameters play a role in controlling 
such characteristics of the feature attributes as size and edge profile. 

In fabrication technologies that are performed using isotropic etching processes, the problem 
of etch bias is handled by specifying an appropriate amount of compensation in the mask dimen- 
sions. For example, if the bias of an etch process is 1 urn, a 6 um feature on the mask can be 
used to produce a desired 5 urn feature on the wafer. Unfortunately, for VLSI technologies in 
which the pattern dimensions approach the thicknesses of the films being patterned, the margin 
for compensation diminishes, and a higher degree of anisotropy is required. For practical 
purposes this situation arises when pattern features become smaller than ~3 urn. Under these 
circumstances, isotropic etching processes become inadequate, and processes that provide higher 
degrees of anisotropy need to be employed. 

Selectivity, Over-Etch, and Feature Size Control 

In earlier sections, only the etching characteristics of the film were considered when 
examining the relationship between bias and edge profile, and degree of etch anisotropy. We 
assumed that the mask was not attacked by the etchant, and did not consider that the layers under 
the etched film can also be attacked by the etchant. In fact, both mask material and underlying 
layer materials are generally etchable, and these effects may play a significant role in specifying 
etch processes. Note that the underlying material subject to etchant attack may be either the 
silicon wafer itself, or a film grown or deposited during a previous fabrication step. The ratio of 
etch rates of different materials is known as the selectivity of an etched process . Thus both: 1) 
the selectivity with respect to the mask material; and 2) the selectivity with respect to the 
substrate materials are important characteristics of . an etch process. 

The selectivity with respect to the mask material, S^, plays a role in determining the 
etched feature sizes. The selectivity with respect to substrate, S fs , can impact performance and 
yield. Film thickness and etch rate non-uniformities increase the required values of Sf m and S fe 
because the etch processes need to be continued beyond the point at which the mean film 
thickness is completely etched (cleared). Such additional etching is referred to as overetch. For 
example, due to overetch requirements, when contact holes are to be etched in Si0 2 it is desirable 
that the etch rate decrease when the silicon substrate is reached. In this case, a process with high 
selectivity with respect to substrate is necessary. 

For many wet-etch processes, both and S fe are very high, and thus neither the mask or 
substrate materials are affected very much during such well-controlled wet-etch procedures. 
However for dry-etch processes, these desirable circumstances are rarely encountered. Thus, it is 
necessary to calculate the selectivities that an etching application will require, so that dry-etch 
processes which are able to meet such specifications can be selected or developed. 

Determining the Required Selectivity With Respect to Mask 
Materials, S fm 

The required selectivity with respect to the mask, S fm is dependent on several factors 
including: a) film thickness uniformity; b) film etch rate uniformity; c) mask etch rate 
uniformity; d) the edge profile of the mask; e) the anisotropic etch rate of the mask; and f) the 
maximum acceptable loss of line width of the patterns being etched 1 1 . These factors can be 
quantified with the assistance of the information given in Fig. 7. 
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Fig. 7 The evolution of an etched feature when the mask has a finite etch rate. The difference 
between the intended pattern width and the actual linewidth is W. Copyright, 1983, Bell Telephone 
Laboratories, Incorporated, reprinted by permission. '. 

For example, assume we wish to etch a film that has some degree of thickness 
non-uniformity. This film has a mean thickness, h p a maximum thickness, hj(l + 5), and a 
minimum thickness, hj(l - 8), where 8 is a dimensionless parameter with a value 0 <, 8 < 1. 
Assume also that the film etch rate is somewhat nonuniform. That is, a mean etch rate, v f of 
the film exists over the wafer area, and that v f varies between Vj( 1 + $ f ) and v f ( 1 - <)> f ), where <|> f is 
again a dimensionless parameter of value 0 5 <]> f <l. In order to insure that the maximum loss 
of linewidth is less than or equal to the allowable linewidth loss, this effect must be determined 
for the worst-case etching condition on the wafer. Maximum linewidth loss occurs where the 
film is thickest, [hj (1 + 8)], and at wafer locations where the film etch rate is slowest, v f (1 - <)> f ). 
Thus, the time required to etch the film at such locations is the longest, and is given by: 

h f (l+8) 

t = - (4) 

c v f (l-4> f ) 

If it is independently determined that a fractional overetch time, A, is also required, then the 
total etch time, t,, is increased to: 

h f (l + 8)(l+A) 

t t = (5) 

v f (l-<t> f ) 

During the etch time, the mask will be eroded as shown in Fig. 7. If the mask material is 
removed with maximum vertical and horizontal etch rates, v v and Vj, respectively, then the edge 
of the mask will retreat from its original locations by a distance, W 12, given by: 

— = [v cot8 + v.]t, (6) 
2 v It 

where 9 is defined in Fig. 7, and the total loss of linewidth is 2(W 12). The loss of linewidth 
dimension of the mask, W due to erosion during t,, is then found by substituting Eq. 5 into 
Eq. 6 to give: 
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W = 2— h 

v. 



j v(l+»><l + A >[cot8 + ^-] (7) 



The mask etch rates are generally also nonuniform, and the nonuniformity is expressed as 
, i s the mean mask etch rate and <t> m is a dimensionless parameter, 
again, "we select the condition where the mask etch is fastest Thus, 



v v =v m (l±V- wherev > 
For the worst case 



, (1 + <) ) is substituted into Eq. 7 for v v . In addition, selectivity with respect to the mask is 
defined asS^ = v f /v m . From Eq. 3 the mask lateral etch rate ratio is v y /v L = Lr = 1 - A^. 
Using these definitions and rearranging Eq. 7 we get the required as: 



W fm 



+ ( 1 



where; 



U 



fm 



[ (1+8 )(l+A)(l+» m )] 
(l-4> f ) 



(8) 



(9) 



and U M is the uniformity factor that accounts for the simultaneous occurrence of worst-case 
conditions that leads to the greatest mask erosion, and thus maximum linewidth loss. Figure 8 
shows a set of curves of required S fm which apply to the specific case of «> m = <t> f = 0.1, 
8 = 0.05, and A = 0.2. For these conditions U fm = 1.54, and the curves are plotted for 
various hj /W ratios and various degrees of mask edge angles, 8, and etch anisotropy, A. 

Example: Assume that a 1 ^m film is to be patterned with a completely anisotropic etch 
process and thus the only loss of feature linewidth is due to mask erosion. In 
addition, let the mask and film etch rate uniformities both be 10%, and the 
film thickness uniformity be 5%. In addition, a 20% overetch is required. Find 
the required selectivity to the mask for a maximum 0.2 ^m linewidth loss if the 
resist profile angle is, a) 60%, and b) 90% for, 1) isotropic mask etching, and 
2) completely anisotropic mask etching. 




Fig. 8. Selectivity, S f _, needed with respect to the mask, plotted as a function of the ratio of 
film thickness to loss of linewidth for various mask profiles, and the extremes of isotropic & ani- 
sotropic mask etching. Copyright 1983 Bell Telephone Laboratories, Inc. reprinted by permission. 
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Solution: Figure 8 can be used to solve this problem since the curves were generated for 
the given worst case nonuniformity values from Eq. 8. Note that for other etch 
rate and thickness non-uniformities, different curves need to be derived. For 
this film hj =1.0 urn, and W = 0.2 urn, so hj /W = 5. From the curves of 
Fig. 7 we see that the following S^, are required: 

a) S fm (e = 60°,A = 0) = 23 

b) S fm (e = 60°,A = l) = 9 

c) S fm (0 = 9O°,A = O) = 15 

d) S to (e = 90°,A=l) = 0 

It can be seen from this example that anisotropic etch processes, combined with vertical 
walled etch mask profiles, result in the most precise pattern transfers. However, there is also 
another phenomenon associated with sputtering and dry-etching, referred to as faceting which can 
also contribute to mask erosion. Faceting is discussed in more detail Chap. 10. 

Determining Required Selectivity With Respect to Substrate, S fs 

The necessary selectivity with respect to substrate, S fs , is also calculated by considering the 
worst-case condition 13 . That is we assume the thinnest part of the film to be etched lies over 
the region of the substrate that experiences the highest etch rate. We use this assumption to 
calculate a uniformity factor, U fe . We then multiply U fs by the ratio hj/hg (where is the 
mean film thickness, and \ is the maximum allowable penetration depth of the substrate layer) 
to arrive at the required S fs , or. 

S, = — U, (10) 



and 



"fs " h "ft 
s 



r 6,(2 + A + A8 ) + 6 (2 + A) + A .. 

u fs = [- 5 1 



where 6« A, and 8 are defined as in the last section that derived S^. We see from Eq. 10 that if 
the film is perfectly uniform (8 = 6 f = 0) and if no overetching is required (A = 0), selectivity 
with respect to the substrate would not be an issue of concern since U fs would equal zero. 
However, since these conditions are not representative of actual conditions, Eq. 10 is useful in 
determining realistic S fs values. 

There is another factor, even more important than film and etch rate non-uniformities, which 
dictates the degree of overetching when anisotropic etch processes are employed. That is, as 
shown in Fig. 9a, when material is cleared from a planar region on a wafer, residual material at 
steps has still not been removed. Thus, additional etching beyond the point at which the planar 
regions have cleared must be used to remove such residual material (sometimes referred to as 
stringers or picket fences). As shown in Fig. 9b, failure to remove this material can lead to 
unwanted electrical shorting paths between adjacent lines. From Fig. 9a and b, it can be seen 
that for completely anisotropic etch processes (A = 1), the fractional overetch, A, required to clear 
such residual material, is hj /hj. 

Example: Given a 2500 A polysilicon layer that passes over both 5000 A field-oxide 
regions and 250 A gate oxide layers. Assume that a completely anisotropic 
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Fig. 9 If etching is anisotropic, ove retchin gj is needed to remove residual materials at 
steps. The degree of anisotropy, A = 1 in tBe~example shown. Copyright, 1983, Bell Telephone 
Laboratories, Incorporated, reprinted by permission. 

etch process will be used to etch the polysilicon, and that the polysilicon film 
thickness uniformity is 5%, and the uniformity of etching is 10%. Find the 
required S fs for this process, if the etching is to be stopped immediately after 
the polysilicon is completely etched. 




Fig. 10 The selectivity needed with respect to substrate, S fs , is plotted as a function of the ratio 
of film thickness to the amount of substrate removed for various amounts of overetching. 
Copyright, 1983, Bell Telephone Laboratories, Incorporated, reprinted by permission. 



i 
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Solution: Since the polysilicon must pass over 5000 A steps (e.g. where field and gate 
oxide meet), the thickness of the poly at the step will be (from Fig. 8): 

h t + hj = 5000 A + 2500 A = 7500 A. 

This is the thickness of polysilicon that must be removed by an anisotropic etch procedure. 
Thus A =h,/h, = 2. The maximum allowable penetration of the fractional overetch required 
to completely remove the residual material at the steps underlying gate oxide layer is \ = 250 A. 
Any more penetration will remove all of this oxide and expose the silicon substrate material to 
the etchant. Thus, h f /h, = 2500 /250 = 10. From Fig. 10, which can be applied to this 
problem, we find that: 

Sfs = 25 " 

Note the curves of Fig. 8 and Fig. 10 were derived for specific mask, film, and etch rate 
nonuniformities. Each etching process, however has its own set of characteristics and appro- 
priate curves for a specific process need to be derived using Eq. 8 and Eq. 10 with those values. 

Combined Impact of the Requirements of Anisotropy and 
Selectivity 

A high degree of anisotropy is a desirable feature of an etch process for fine feature 
patterning since in such applications very little etch bias can be permitted. A highly selective 
etch rate with respect to the mask is needed to maintain feature size control. An adequate degree 
of selectivity with respect to underlying materials is also necessary in order to prevent removal of 
previously processed portions of the circuit. However, when anisotropic etching is performed in 
the presence of stepped topography, we have shown that the remaining residual material at the 
steps requires additional overetching beyond even that required by etch rate and "normal film 
thickness nonuniformities. Thus, the mandate that calls for anisotropic etch processes ends up 
also driving the selectivity requirements even higher. 

Loading Effects 

When the etch rate is dependent upon the amount of etchable surface exposed to the etchant, 
the phenomenon is called a loading effect. The effect arises when there are a limited number of 
etchant species available to etch a material. When these are depleted, etching cannot continue 
until new etching species arrive at the surface. Loading effects are most commonly encountered 
in dry-etch processes where they can occur in a variety of different conditions. These include: a) 
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Fig. 11 Example of "bullscye" etch nonunifonnirty. 
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etch rate is dependent upon the number of wafers present in the chamber. In such cases, as the 
number of wafers in the system is increased, the rate of consumption of etchant species also 
increases. This may result in a loading effect that will lead to a slower overall etch rate; b) the 
etch rate depends on the amount of area on the wafers, or on a single-wafer in single-wafer 
etching systems, that has etchable material exposed. Note that this exposed etchable area can 
even change during an etch process. That is, upon the clearing of an etching film from the 
planar regions of a surface, much less residual material remains. Thus, more etchant species 
may be available to attack any residues, but also the exposed sidewalls of the etchable film. As a 
result, lateral etch rate changes during overetch time may be a side effect of local loading effects. 

Gas flow effects may also combine with loading effects to cause etch rate nonuniformities. 
That is, the location of a wafer in a chamber, as well as the number present in the chamber, may 
impact the etch rate. The bullseye effect sometimes observed in dry etching, in which the film at 
edges of a wafer is etched more quickly than at the center (Fig. 1 1), is due to depletion of etchant 
species at the wafer center. More etchant species can arrive at the wafer near its edge than from 
just above the wafer surface. Techniques to minimize loading effects are described in Chap. 16. 

WET ETCHING TECHNOLOGY 

Wet etching processes are generally isotropic. As such we have pointed out that they are 
inadequate for defining features less than about 3 um wide. Nevertheless for those process that 
involve patterning of linewidths greater than 3 u.m, wet etching continues to be a viable tech- 
nology. Since it turns out that a significant fraction of semiconductor products are still being 
fabricated with such large geometries, wet etching should not be ignored. In this section we pre- 
sent some of the more important aspects of wet etching technology for current processing needs. 

In addition more detailed information can be found in references listed at the end of the 
chapter l,14,17,18,10 

The reason wet etching has found widespread acceptance in microelectronic fabrication is that 
it is a low cost, reliable, high throughput process with excellent selectivity for most wet etch 
processes, with respect to both mask and substrate materials. Some recent refinements to 
wet-etching equipment have in fact increased these advantages, including: a) the automation of 
wet stations; b) the placing of wet etch process steps under microprocessor control, to improve 
reproducibility of etching conditions from run-to-run, and to give the process engineers better 
control of the equipment functions by preventing unauthorized process changes; c) point-of-use 
filtration of etchants to prolong their use by removing etch process generated defects; and d) the 
development of spray etching. Such advances make it likely that wet etching will continue to 
find extensive use in semiconductor fabrication for the foreseeable future 15,16 . 

On the other hand, besides the 3 u.m limitation, wet etching is subject to the following 
disadvantages: a) higher cost of etchants and DI water compared to dry etch gas expenses; b) 
increased personnel safety hazards from chemical handling; c) exhaust fumes and the potential of 
explosions; d) resist adhesion problems; and e) bubble formation and incomplete wetting of wafer 
surfaces by the chemical etchants leading to incomplete etching and etching non-uniformities. 

In general a wet etch process can be broken down into three steps: 1) diffusion of the 
reactant to the reacting surface; 2) reaction; and 3) diffusion of the reaction products from the 
surface 20 . The second step can obviously be further differentiated into adsorption prior to, and 
desorption subsequent to, the actual reaction step. The slowest of the steps will be 
rate-controlling. That is, the rate of that step will be the rate of the overall reactioa 

Chemical etching can occur by several processes. The simplest involves dissolution of the 
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